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1. Introduction 


While preparing for a long-term ecological study in Michigan forests, we needed to develop 
a sampling technique which would yield accurate estimates of all lumbricid life stages in 
leaf litter, humus, and soil. Existing techniques fall into two basic categories: handsorting, 
and extraction by chemical irritants such as formalin (Raw 1959). Chemical extraction re- 
covers only active earthworms, resulting in seasonally variable sampling efficiencies (BOUCHÉ 
1969) and potentially inaccurate population estimates. Handsorting, on the other hand, re- 
covers earthworms regardless of their state of activity, and can yield 95°, of total worm 
biomass and 80% of total numbers (AXELsson et al. 1971). However, small dark individuals 
are often overlooked (Raw 1960). Cocoons, typically encapsulated in soil, are generally not 
found at all: neither Sarcuecy’s (1969) review, nor more recent publications by TERHIVUO 
(1982) and Sprincert (1981) take sampling of cocoons into consideration. 

Some investigators improved recovery rates for small worms either by repeated hand- 
sorting (AXELSSON ef al. 1971) or by wet-sieving of previously handsorted soil, a modifica- 
tion which promised to be adaptable to cocoon sampling (Raw 1960). Indeed, GERARD 
(1967) estimated cocoon densities by wet-sieving, but did not quantify the efficiency of his 
technique. 

We combined the most successful methods for sampling all lumbricid life stages, and 
thus developed a two-phase procedure: handsorting followed by wet-sieving. The procedure 
could be applied to both humus and soil samples, but proved tedious and unreliable for 
estimating worm populations in leaf litter. A separate method, formalin extraction, was 
therefore optimized for use on litter samples. Descriptions of both protocols, and results of 
their validation, are given below. 


2. Methods 


Samples were taken in two maple-basswood forests in Dickinson Co., Michigan, with sandy loam 
soils and well-developed mull humus layers, but different lumbricid populations. By sampling both 
sites, a total of four species were obtained: two epiges, Dendrobaena octaedra (Savigxy) and Lum- 
bricus rubellus (Horemeisrer); and two endoges, Octolasion tyrtaewm (SAviGNy) and .lporrectodea 
tuberculata (Eisen). Sampling was accomplished by running a knife along the inside periphery of a 
25 25cm frame so that a 1/16 m? sample of litter could be removed and bagged. The dark humus 
laver and two underlying 10 em soil increments were then excavated and placed in large plastic 
bags. 

Humus and soil samples were subjected to a sorting/sieving process, diagrammatically shown in 
Fig. 1. The first step was conventional handsorting (step A), followed by two consecutive washes 
through a coarse and a fine sereen. The first (5.0 mm mesh) retained stones, roots, and debris, which 
were turned, rinsed, and searched several times (step B). All material passing through the coarse 
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Fig. 1. Diagram of the sorting and wet-sieving steps used for humus and soil samples, and of 
their validition. 


sieve Was caught in a large tray, dumped onto a second, fine sieve (1.5 mm mesh), and rinsed repeat- 
edly to eliminate soil particles (step C). What remained of the sample consisted of worm casts, 
small pebbles, organic debris, worms and cocoons. During subsequent washes, soil capsules hiding 
cocoons were broken by gentle manual pressure, Each wash was followed by a thorough search, 
until the sample was reduced to a thin layer of debris incapable of obscuring specimens (step (). 

Ihumus (n 32 samples), which harbored the largest number of worms and cocoons, was used 
to assess the reliability of the method. Two potential sources of error were addressed, First, worms 
and cocoons present on the fine sieve could simply be overlooked. At the end of step C, samples were 
therefore rinsed repeatedly until two consecutive searches brought no further results (step D). Se- 
condly, active worms and small cocoons could have passed through the fine sieve. This was tested 
by reserving the residues of every wash performed in steps C and D, rinsing them through a 1.0 mm 
net, and carefully searching the materials caught on the net (step E). 

A modified chemical expellent technique, formalin extraction, was used on litter samples. They 
were sprinkled with enough water so that a small amount collected at the bottom of the bags, thereby 
ensuring that worms could become fully active. After 24 hours, each sample was placed in a wire 
basket fashioned from 10.0 mm mesh screening and resting approximately 5 em above the bottom 
of an eight-liter bucket. Dilute formalin (0.025°,,) was added to cover the sample, driving worms 
from the litter to the bottom of the bucket. One hour later, the basket was lifted out and the solution 
was poured through a 1.0 mm mesh sieve, which was held against a white background so that worms 
could easily be collected from it. 

In order to assess the method's efficieney, 16 litter samples were thoroughly dried to kill any 
worms they contained, then were re-wetted. Forty worms (immatures and adults of D. oclardra anil 
L. rubellus) were added to each sample, and formalin extraction was performed 24 hours later. 
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3. Results and discussion 


Formalin extraction of worms from leaf litter gave satisfactory results. Aside from the 
hour-long extraction period per se, processing of each sample required approximately 15 
minutes. Based on 16 validated samples, the technique yielded an average of 96.0 + 1.0 
(SE) percent of the introduced worms, It was thus a rapid and reliable method for obtaining 
estimates of litter-inhabiting lumbricid populations. 

The efficiency of sorting/sieving was high for all species (Table 1 and 2). Percentages 
given in these tables are based on the assumption that all steps combined (A through E) re- 
covered 100°,, of the worms and cocoons in a sample. In the routine procedure (steps A—C) 
2138 specimens were found, while combined validation steps D and E yielded 55. We believe 
that any processing beyond these many consecutive washes and searches would have re- 
vealed very few additional worms and cocoons, 

By handsorting alone, more than 90°, of immatures of all species were found and, except 
for the small-bodied D. octaedra (Table 1), 100°, of adults. Summed over all species and 
sizes. our efficiency of 88°, compared well with other studies. AXELSson et al. (1971), by 
handsoerting once, obtained 86°, of immatures, and Netson & SatTcnHe ty (1962) reported 
efficiencies ranging from 74 to 100°, for various earthworm species. 

Cocoon recovery by handsorting was generally poor and was affected by their physical 
characteristics. The smooth, white cocoons of D. octaedra were found at the highest rates 
(14.4"5, Table 1). Those of L. rubellus were usually missed (Table 1), because they were 
dark. rough-textured, and tightly encapsulated with soil. 

Wet-sieving (steps B and C) was unnecessary for obtaining adults, but did yield 7.7", 
of total immatures of all species (Tables 1—2). Still, an average 2.3°,, of these individuals 
were missed, as a result of both sources of error postulated earlier. Thus. 2.2", of small D. 
octaedra were caught in validation step E (Table 1). indicating that they had escaped through 
the 1.5 mm screen into the normally discarded residue. By contrast, 2.5°,, of O. tyrtaewm 
immatiires were recovered by validation step D (Table 2), proving that they had been over- 
looked during the routine searches of step C. 

High cocoon yields proved to be the technique’s greatest asset, since cocoons constituted 
61” of total numbers and 8.9",, of total lumbricid biomass. Again. those of L. rubellus had 
the highest chance of being missed (Table 1). Recovery exceeded 90°, for 21. tuberculata 
(Table 2). and came close to 99°), for D. octaedra (Table 1) and O. tyrtaewm (Table 2). \ leg 


Table 1. Validation of sorting/sieving efficiency for two epiges species: percent of total numbers and 
total mass in 9 (in parentheses) recovered in successive steps 


Process Species and stage 
Dendrobaena octaedra Lumbricus rubellus 
Cocoons Immatures Adults Cocoons Immatures Adults 
(A) 14.4 90.5 98. 1.6 90.0 100.0 
196.4) (97.0) (96.4) (100.0) 
Cy 2 4) 84.1 6.5 1.4 84.1 Th 0.0 
(2.4) (3.0) (3:2) (0.0) 
(D) Lo 1.0 0.0 EZS 1. 0.0 
(1.0) (0.0) (0.2) (0.0) 
(E) 0 32) O.0 0.0 L5 O.0 
(0.2) (0.0) (0.2) (0.0) 
missed (D | E) 1.5 3,32 0.0 14.3 3.0 0.0 
(1.2) (0.0) (0.4) (0.0) 
recovered (A : B : C) 98.5 96.8 100.0 85.7 97.0 100.0 
(95.8) (100,0) (9.6) (100.0) 
Total n 
CX 6B E Ds B) 659 411 73 ISS BE 9 
Note: Sample size 25- 25 em ^ 116 7 0.0625 më. 


For key, refer to Fig. 1. 
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Table 2. Validation of sorting/sieving efficiency for two endoges species, in percent of total numbers 
and total masses (in parentheses) 


Process Species and stage 
Octolasion tyrtaeum Aporrectodea tuberculata 
Cocoons Immatures Adults Cocoons Immatures Adults 
(A) 11.7 90.5 100.0 12.5 90.1 100.0 
(97.6) (100.0) (97.4) (100. 4 
(B + C) 86.9 6.9 0.0 81.2 9.9 0.0 
a. 6) = 0) (2.4) (0.0) 
(D) 1.2 2.5 6.3 0.0 0.0 
(0.7) 0 (0.0) (0.0) 
(E) 0:2 0.6 0.0 0.0 0.0 
(0.1) © 0) (0.0) (0.0) 
missed (D + E) 1.4 oat 0.0 6.3 0.0 0.0 
(1.2) (0.0) (0.4) (0.0) 
revovered (A+ B+C) 96.6 96.9 100.0 93.7 100.0 100.0 
(99.2) (100.0) (100.0) (100.0) 
Total n 486 158 58 16 17 8 
(A+B+C+D+4+ 85) 
Note: Sample size = 25 x 25 em A 1/16 & 0.0625 m?. 


For key, refer to Fig. 1. 


mm mesh size was clearly appropriate for retaining even the smallest cocoons: all of those 
missed were recovered by validation step D (repeated rinsing and search of sample remains 
on the fine screen), not step E (washing of residues which had “passed through the fine screen). 
A single O. tyrtaeum cocoon found on the 1.0 mm net (0.2% of total, Table 2) had probably 
been spilled out of the 1.5 mm sieve during washing. 

Summarized over all species, sorting/sieving gives excellent results, allowing recovery of 
97.7°., of total immatures and adults, 96.7% of all cocoons, and 99.9° of non-cocoon 
lumbricid biomass. The entire procedure requires an average of 80 minutes per sample. its 
two phases possessing the following merits: handsorting recovers the bulk of immatures 
and adults, and is a step which cannot be omitted because it yields animals in good condition 
(wet-sieving damages large worms). Wet-sieving as a second phase acts as a check on hand- 
sorting efficiencies, which vary from person to person, and allows reliable estimates of cocoon 
densities. 
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Synopsis: Original scientific paper 
Warner, P. B., & R. M. Sniper, 1984. Techniques for sampling earthworms and cocoons from 

leaf litter, humus and soil. Pedobiologia 27, 293—297. 

Litter-inhabiting lumbricids were extracted by one-hour immersion in a dilute (0.025 %) formalin 
solution. The method’s efficiency, validated with 16 litter samples and 640 introduced worms, 
was 96%. 

A technique for obtaining lumbricids and cocoons from humus and soil was developed. Samples 
were handsorted, then washed through a coarse and a fine screen. By handsorting, adults and most 
immatures were found. Repeated washing and search of sample remains proved to be highly reliable 
for recovering cocoons and small worms. Overall, sorting/sieving yielded 97.7 % of all worms, 96.7 % 
of cocoons, and almost 100 % of worm biomass. 

Key words: Earthworms, sampling, cocoons, handsorting, formalin. 


